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ANALYSIS  OP  OVERGROUND  EXCESS  SOUND  ATTENUATION 


1.0  INTRODUCTION 

This  report  describes  and  analyzes  the  results  of  an  exten¬ 
sive  set  of  field  noise  measurements  undertaken  to  determine  the 
sound  attenuation  for  horizontal  propagation  of  sound  from  Jet 
engine  ground  runups.  The  measurements  were  undertaken  for  the 
purposes  of  obtaining  improved  understanding  of  the  attenuation 
of  sound  occurring  under  real  life  conditions  and,  in  particular, 
of  obtaining  information  for  developing  improved  methods  for  pre¬ 
dicting  ground  runup  noise  for  the  NOISEMAP  airport  noise  model¬ 
ing  computer  program. 

The  noise  sources  were  Jet  engines  Installed  in  C-135  and 
C-141  aircraft.  During  aircraft  runups  at  high  power,  noise  and 
meteorological  data  were  collected  at  various  positions  that 
ranged  in  distance  from  6b  meters  (216  feet)  to  2377  meters  (7800 
feet)  from  the  engines.  Some  421  sets  of  measurements  were  col¬ 
lected  during  daytime  hours  over  a  15-month  period  (November  1979 
to  February  1981).  All  of  the  measurements  were  made  at  Wright- 
Patterson  AFB  over  near-level  terrain  which  was  grass  or  snow- 
covered. 

This  study  examines  the  differences  In  noise  levels  observed 
at  different  positions  after  measured  noise  levels  have  been 
adjusted  for  inverse  square  propagation  and  air  absorption. 

These  differences  are  termed  excess  sound  attenuation  (ESA). 

The  ESA  measurements  show  considerable  variability. 

Much  of  the  analysis  in  this  report  will  be  concerned  with 
relating  the  variability  in  ESA  values  with  various  physical 
parameters  and  with  comparing  measurement  results  with  other 
field  studies  and  with  predictions  of  theoretical  models. 
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The  field  measurements  aril  the  data  collection  ana  process¬ 
ing  are  described  in  detail  separately  and  hence  will  not  be  pre¬ 
sented  in  this  report  (Reference  1).  Application  of  these  data 
to  Improve  prediction  procedures  of  noise  from  ’J3AF  aircraft 
ground  runups  is  published  in  another  report  (Reference  2). 

Section  2  of  the  report  briefly  describes  the  measurements, 
presents  an  overview  of  the  range  of  meteorological  conditions 
and  excess  attenuation  values  observed  and  describes  both  the 
noise  source  and  excess  sound  attenuation  variability  as  a  func¬ 
tion  of  frequency  and  distance.  Section  3  describes  the  results 
of  multiple  linear  regression  analyses  undertaken  to  determine 
the  correlation  of  the  excess  attenuation  values  with  various 
meteorological,  ground  surface  and  test  variables.  Section  A 
compares  the  average  ESA  values  observed  for  different  wind  com¬ 
ponent  and  temperature  gradient  conditions  and  for  two  ground 
surface  conditions  (grass  and  snow-covered). 

Section  b  compares  the  experimental  results  with  tne  field 
measurements  of  Parkin  and  Schoies  (References  3,  A  an:  5)  an: 
Franken  and  Bishop  v Reference  8,,  and  with  theory.  A  summary, 
conclusions  and  recommendations  complete  the  body  of  the  report. 
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2.0  OVERVIEW  OP  TEST  PROGRAM  AND  TEST  DATA 


2.1  General  Test  Description 

The  noise  sources  were  jet  engines  installed  in  C-135A  air¬ 
craft  (powered  with  J57  turbojet  engines)  and  C-135B  and  C-141 
aircraft  (powered  with  TP-33  turbofan  engines).  Most  of  the  runs 
(413  of  the  421)  were  made  with  the  C-135A  aircraft.  The  center- 
lines  of  the  C-135's  were  1.5  m  (5  feet)  above  the  ground  and 
2.4  m  (8  feet)  for  the  C-141. 

The  measurements  were  made  in  opposing  directions  along  a 
line  parallel  to  one  of  the  air  base  taxiways.  Figure  1  shows 
the  elevation  profile  and  plan  view  of  the  two  microphone  arrays, 
and  the  approximate  orientation  of  the  aircraft  with  respect  to 
the  arrays.  At  all  but  the  closest  position  (the  reference  posi¬ 
tion)  the  measuring  microphones  were  located  1.5  m  (5  feet)  above 
the  ground.  At  the  reference  position,  located  either  66  or  75  m 
(217  or  246  feet)  from  the  source,  noise  events  were  measured 
with  two  microphones  located  0.3  and  2.4  m  (1  and  8  feet)  above 
the  ground.  Output  from  the  two  microphones  were  later  summed  on 
the  energy  basis  to  establish  the  reference  level.  For  10 
events,  a  scanning  microphone  which  moved  between  heights  of  0.3 
and  3  m  (1  and  10  feet  above  the  ground)  was  used.  And  for  six 
events,  the  output  from  microphones  at  the  farther  distances  of 
134  and  238  m  (440  and  781  feet)  were  used  as  the  reference 
levels . 

For  the  runs,  pilots  were  Instructed  to  use  maximum  takeoff 
power.  In  doing  so  the  pilots  would  choose  an  EPR  (engine 
pressure  ratio)  for  weather  conditions  at  the  start  of  a  testing 
period,  usually  one  to  two  hours  long.  During  some  of  the  peri¬ 
ods  the  weather  would  change  enough  so  that  the  EPR  settings 
could  no  longer  be  achieved  and  therefore,  had  to  be  lowered  to 
match  current  weather  conditions. 


GROUND  ELEVATION  AT  SOURCE 
251  M  ABOVE  MEAN  SEA  LEVEL 
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(  K.IJRF  1  A.  Tf  ST  ARRAY  PROFIIT  AND  PLAN  VICIV  ARRAY  (H 


REFERENCE  MICROPHONES 


FICURL  1  B.  TFST  ARRAY  PROFILE  AND  PLAN  VIEW  ARRAY  04 


Noise  was  measured  at  nine  distances  ;'ro::.  the  source  rang 
from  the  reference  positions  out  to  a  distance  of  2 'J 7 7  ir.  ;?bhO 
ft'  on  some  runs.  Table  1  lists  the  different  measurement  pos 
tlo.ns  that  were  used.*  Data  were  not  necessarily  obtained  at 
of  these  positions  for  each  measurement  event. 

The  noise  was  measured  at  each  position  for  durations  of 
least  30  seconds.  Noise  levels  were  sampled  at  half  second  in 
tervals  and  the  energy  average  computed  over  the  run  time.  Ti 
for  averaging  were  adjusted  to  account  for  finite  sound  propag 
tion  time  between  positions. 

The  noise  data  was  analyzed  in  one-third  octave  frequency 
bands,  a-  center  frequencies  extending  from  ?b  to  1  0,003  H : . 
Overall  and  A-levels  were  also  determined. 

Field  temperatures  were  measured  at  three  he'.g.uts, 
and  9 . 2  meters  above  ground  at  one  position.  win:  was 
at  approximately  Z  meters  ah  uv-.*  ground  at  two  pcs  it  ions 
t  rave rse . 

2 . 2  Calculation  of  Excess  Sound  Attenuation  Values 

Fur  this  report,  the  excess  sound  atten  la*  '.or.  M.'A  va  1  ..*• 
were  determined  as  follows: 

1.  The  average  noise  levels  at  each  position  t. 

the  reference  pou Ition }  were  increased  by  tn-  imount  of  1 
square  and  air  absorption  losses  occurring  between  the  r-f^ren 
microphone  and  the  position.  Air  absorption  losses  wen  t>  ts*‘U 
the  field  temperature  and  relative  humidity  for  the  run,  using 
the  tabLes  of  ARP  B66A  (Reference  6). 

•Throughout,  the  report,  distances  refer  to  the  distance'  be! 
source  and  measurement  position. 


TABLE  1.  MEASUREMENT  POSITIONS 


_ Distance  from  Source _ 

Position  Meters  Feet 


S*  bb  or  7i>  217  or  2^b 

A  134 

r  23b  7ol 

C  Aji  1  41  4 

L  733  2471 

E  1233  411c 

F  1737  37 1>3 

J  2Utl7  6047 

H  2273  74d6 

I  2377  7cu. 

•Reference  microphone  position. 
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i  eve  *  s 


d .  These  :i  i.'jate  :  levels  :‘or  each  [■  )S  1  t  1  or.  we.""  t:.er.  r 
tradteJ  from  the  average  levels  at  the  reference  posit  lor;, 
differences  were  tabulate!  for  each  position  -.other  than  tv 
reference  posit!  .in  an  i  defined  as  tne  excess  so  an-.:  attenua* 
for  the  particular  run. 


As  explained  in  Volume  1  C Reference  1) ,  tne  reason  this 
method  Is  use  1  is  tie  i  to  the  ESA  application  to  the  'JSAF  air 
■"raft  noise  lata  base  for  ground  runups.  The  method  results 
E3A  values  that  represent  tne  excess  sound  attenuation  occur.” 
for  propaga- i on  tel  ween  the  reference  position  and  more  dic  ta 
positions.  The::.-,  he  A  values,  may  not  represent  the  total  ex-e 
sour.:  attenuation  t*et  ween  tne  engine  source  and  the  specific  : 
position,  jp !  nee  there  may  he  additional  excess  attenuation  be 
tween  the  source  and  the  reference  position.  Although  this  a 


1 1  o n  rr. o  de  1 .sin  : e  1 1 - 
ad  :  1 1 1  or;  a  1  -it  I  enu  h  t  I  or. 


app 

rH 

hie  to  1 

)S  A 

F  .noise 

•if  i  ’  0  T* 

ence 

I 

,  'ilrt 

>a  <1 

y  conta 

»  >  L*  i? 

s  e  d 

i  n 

Sect! 

.  on 

o  f or 

nr>., 

a  I  ?  o 

O Tip ■-  *: 

f o r  tne 

te.i 

soar. 

level. 

For  the 

’.'ik'.C- 

over 

.i  1 

]  and 

A  — 

lev  e  1  s 

.i“t,er;.;in“  i.  At  >t h^r  p-.?s  it  Ions  ,  the  average  overall  and  A-ie 
were  com;  ;t  -  ;  fr  -m  the  average  spectra  after  the  spectra  were 


a  d  j  u  s  t  e  d  I  i  r 
■'he;1  1  ,  ah-  ' 
ci.  -,p  ire  :  t  » 
reference  ; 


-  Inv'-rs"  sjuire  rad  ’.  at  I  on  and  air  absorption  .see 
1  e  .  Th '-imp  :te  i  overall  and  A- levels  were  the 
tne  a ver .mea  aired  overall  and  A-Ievels  at  th>- 


Net*,  that  the  removal  of  air  absorption  losses  in  compel 
the  overall  and  A-leveis  at  other  than  the  reference  posit  lot 
changes  the  spectrum  shape  (increases  the  relative  levels  a*. 


higher  frequencies)  over  what  would  be  observed  in  the  field. 

The  general  effect  of  this  procedure  is  to  yield  ESA  values  for 
the  overall  and  A-level  that  are  smaller  than  would  typically  be 
observed  in  the  field. 

2.3  Data  Handling  and  Data  Analysis  Programs 

Two  special  digital  computer  programs  were  developed  for  use 
in  ESA  analyses.  These  unpublished  programs  are  discussed  in 
Reference  1.  The  first  of  these  programs.  Omega  12,  calculates 
the  average  ESA  values  for  each  ground  runup  along  with  averaged 
weather  conditions.  The  other  program.  Omega  13,  provides  a 
means  to  parametrically  sort  data  and  provide  a  summary  across 
all  runup  data. 

General  data  sorting,  averaging,  plotting  of  histograms  and 
fitting  of  regression  lines  and  the  multiple  linear  regression 
analyses  were  undertaken  by  using  various  of  the  BMDP  computer 
programs  (Reference  7).  In  addition,  special  computer  programs 
were  written  to  calculate  excess  sound  attenuation  based  on  ana¬ 
lytic  models,  as  described  in  Appendix  A. 

2. 4  Meteorological  and  Ground  Conditions 

Table  2  summarizes  the  distribution  of  temperature,  wind- 
speed  and  wind  component  conditions  during  the  tests.  Maximum 
and  minimum  values  as  well  as  the  10%,  25%,  50%,  75%  and  90% 
values  are  listed. 

The  temperature  range  extended  from  -16.5  to  33°C  with  50* 
of  the  measurements  made  in  the  temperature  range  between  -1  to 
19.5°c.  Most  of  the  wind  measurements  were  made  at  low  speeds 
with  50%  of  the  measurements  for  wlndspeeds  of  1.9  meters  per 
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TABLE  L 
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A 


second  .4.3  mphi  or  less .  The  magnitude  of  trie  win  1  component  i 
trie  direction  of  sound  propagation  was  generally  small,  with  50? 
of  the  measurements  made  with  the  wind  components  ranging  from  - 
to  +1  meter  per  second  (+2.2  mph). 

The  temperature  gradient  was  described  in  terms  of  alp.na* 
defined  as: 


<  =  0.60?  — — — v — " —  (m/sec.  ) 

where 

Tf  =  temperature  (°C;  at  9.2  m  above  ground 
T3  =  temperature  (°C)  at  0.3  m  above  ground 
^1  =  height  of  9.2  m  above  ground 
n3  =  height  of  0.3  m  above  ground 

For  a  standard  atmosphere  lapse  rate,  alpha  is  -0.175  m.'sec . 

Tiie  measured  alpha  values  range  from  -0.9  to  +0.79  m/seo. 
with  50»  of  the  rneas  irements  ranging  from  -0.22  to  +-.07  rr.  sec. 


♦More  rigorously,  alpha  is  the  sound  velocity  gradient  in  the 
vertical  direction,  z.  Thus: 


a  (0.607)  (m/sec .  ) 


where  a 


(°C) 


c  =  velocity  of  sound,  m/sec. 
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Approximately  925  of  the  measurements  were  taken  without  a 
precipitation  and  the  remaining  8%  were  made  with  light  rain  or 
snow  falling.  The  ground  surface  was  either  hard  packed  or 
frozen  (hard  packed  Oo.5«  of  the  time  or  frozen,  13.5*  of  the 
time  5 .  The  ground  surface  conditions  varied  as  shown  in  Tatie 
You  will  note  a  distribution  of  ground  surface  conditions  rang! 
from  dry  through  wet,  frost  and  snow  covered  conditions. 

Measurements  were  made  in  the  daytime  between  the  hours  of 
6  am  and  A  pm.  Sixty-three  percent  of  the  measurements  were  ma 
between  b  and  11  am.  Most  frequently,  measurements  were  made 
between  7  and  6  am  or  1  and  2  pm,  coinciding  with  aircraft  flig 
schedules  . 


The  Joint  distributions  of  some  meteorological  parameters 
are  of  Interest.  Of  particular  interest  is  the  distribution  of 
temperature  and  relative  humidities  since  these  quantities  larg 
ly  determine  the  air  absorption.  Figure  2  shows  a  scatter  plot 
of  relative  humidity  versus  tempera  t  ure .  A  Is?  shown  or.  the 
scatter  plot  are  lines  of  equal  air  absorption  for  a  one-thiri 
octave  frequency  band  centered  at  1000  Hz.* 

Figure  3  shows  the  distribution  of  alpha  versus  the  wind 
component  in  the  direction  of  sound  propagation.  This  is  of 
interest  because  of  the  correlations  of  ESA  with  alpha  and  the 
wind  component  as  discussed  later. 

Some  trends  with  time  of  day  may  be  of  interest.  There  wa 
a  relatively  strong  correlation  of  decreasing  alpha  values  with 
time  of  day  ( r 2  =  0.55)  as  shown  in  Figure  A  indicating  a 
strong  trend  toward  negative  temperature  gradients  as  time  pro¬ 
gressed. 


•These  are  based  on  the  SAE  ARP  86bA  tables  of  Reference  6. 
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TABLE  i.  STATUS  OP  GROUND  COVER  DURING  MEASUREMENTS 


Jroura  Cover  Cera  i  t  io-j. 

Wet  j-'rojnj  ar.  a  v  r  a  a  r 
Wet  ^  roar;  a,  ary  grass 

oew ,  ary  e:ro-*na 

Frost 

5  n  o  w ,  less  t  n  ar  o  .  G  a  r, 


i  j 


ferce:;t  ol'  Ee-asure-r.fcnta 

2  j .  o 

i .  d 

2  2-  2 

^  •  0 

0 .  V 

i’/’.o 


Air  Absorption  At  1000  Hz,  dB  1000  ft. 


Temperature,  °C 


FIGURE  2.  FIELD  RELATIVE  HUMIDITY  VERSUS  FIELD  TEMPERATURF 


During  the  program,  station  meteorological  data  was  col¬ 
lected  together  with  site  data.  Comparisons  of  the  two  are  of 
Interest  in  seeing  how  well  on-site  measurements  might  agree  with 
typical  station  measurements.  The  comparisons  of  temperatures 
show  very  high  correlations  (r2  =  0.98).  The  comparisons  of 
relative  humidity  showed  a  much  lower  value  (r2  =  0.50)  while 
the  correlations  of  wind  speed  and  wind  component  showed  inter¬ 
mediate  correlations  (r2  =  o.75  and  0.80,  respectively). 

2-5  ESA  Variability 

Table  4  lists  ranges  in  measured  excess  attenuation  data  for 
selected  one-third  octave  frequency  bands  and  the  overall  and 
A-levels  at  each  distance.  The  table  shows  the  number  of 
measurements  and  the  ranges  for  all,  50  percent,  and  90  percent 
of  the  data.  As  anticipated,  there  was  large  variability  in 
measured  ESA  values  during  the  program.  To  indicate  the  extent 
of  variability.  Figures  5  and  6  show  the  range  of  measured  ESA 
values,  the  mean  values,  and  standard  deviations  for  the  measured 
values  at  two  distances,  431  m  (1414  ft)  and  2087  m  (6847  ft). 

The  general  Increase  in  the  variability  of  ESA  values  with 
distance  and  with  frequency  is  further  shown  in  Figure  7. 

Figure  7  shows  the  range  for  50  percent  of  the  ESA  values  as  a 
function  of  distance  for  selected  one-third  octave  bands  and  for 
the  overall  and  A-welghted  sound  levels.  The  general  trend  is 
for  the  range  to  Increase  with  distance,  reaching  a  maximum 
spread  of  the  order  of  12  to  18  dB. 
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TABLE  4.  RANGE  IN  MEASURED  EXCESS  ATTENUATION  DATA 
FOR  SELECTED  FREQUENCY  BANDS 


Frequency 

Distance 

No.  0 !' 

Attenuation  Lata, 

dr 

band 

ft 

Me  as  • 

b  0 1 

yu» 

Ali. 

o  Z  Hz 

i  3  4 

4  4u 

3bb 

2.4 

b  •  2 

i  A. . 

23& 

7  oi 

40  4 

3.  D 

10. 4 

i  Z- j 

427 

1  4ul 

404 

4.5 

lo .  5 

21 . 1 

7o3 

2  4  7  G 

30 1 

7  •  0 

24.0 

Z*- . 

12b  ^ 

4117 

37b 

1 0 . 0 

2b .  0 

zz  • 

1 7  b  7 

5764 

32  2 

li .  0 

4-4.0 

z  -»  • 

20  0  z 

oo:*t 

300 

1  0 . 5 

21.6 

Z  (  .  1 

£  - 7  z 

7  *0  7 

ioc 

i  2 .  u 

22.0 

20. 

4  yn 

77  yy 

2  47 

10.0 

2  3*0 

z  7  • : 

2d u  Hz 

j -34 

4  40 

367 

5.0 

14.4 

20.- 

2  30 

7  Si 

40  3 

11.0 

20.0 

3z* 

4  2  7 

1401 

401 

10.0 

2  c  .  5 

4.  .  ■ 

7b  J 

2  470 

33c 

b  .  6 

4  4.0 

A  Z  • 

12bO 

4117 

3bo 

j.  0  •  G 

3*4.2 

zz  .  1 

1 7  b  7 

o7om 

ill 

1  2 . 5 

37.0 

> . 

c  0  0  j 

6)5  34 

33I 

i  0 . 0 

' 

c  27 1 

!  7 

1  40 

lo .  .. 

Z  -  •  U 

^z  . 

2  z  /  /’ 

7  7  2  J 

2b  1 

16.0 

z  **  •  d 

^z  • 

iuu j  Hz 

■i  3'* 

-4-4^ 

300 

0  .a 

2  2 .  u 

Z  • 

oo 

/ol 

4<j  -i 

I  *4  .  -4 

27 . 0 

z  r . 

427 

1401 

*4  0  2 

16.0 

2  0 .  c 

4K  • 

I  J  z 

247  o 

30  * 

It.  t 

>  •  w 

A  . 

1 2b  0 

4117 

3  56 

1  b  •  7  0 

zz  •  z 

1  - .  • 

j.  7 o 1 

o7i  -4 

30  b 

1  6  •  - 

zi .  z 

z  -  • 1 

do: 

DC  34 

3  2. 

i  4  .  -4 

z  z  •  z 

h  * . 

2  27  3 

7  4b  7 

I7u 

13*2 

Ho.  r 

2  ti . , 

2 3  7  7 

7  7  2  4 

2  7 1 

D.t 

tO.C 

A  2  • 

2ouZ  Hz 

1  J4 

4  40 

36  0 

0 . 0 

22  .  u 

Z-*-  • 

4  30 

7  51 

4Ul 

it.U 

2^-Z 

Z  z  • 

4  27 

i  40  i 

34  A 

1  2.  b 

00 

ZZ.v 

7b  J 

2  4V0 

3  4‘j 

12.0 

20 . 2 

AO  •  . 

1  2oo 

4117 

3b  t 

iG.b 

zi  •  Z 

AO  .  ! 

1 7  b  7 

b7c.4 

20  4 

14.4 

zo .  z 

7  Z  •  ' 

2  ub  3 

ob  34 

2  20 

14.4 

27  .  z 

ZZ.( 

227 

/4b7 

ill 

10  .b 

27  .z 

7  z. 

2  37  7 

77  y  ? 

1/0 

1  Z  •  7 

0  •  z 

7  w- . ' 

TABLE  4.  RANGE  IN  MEASURED  EXCESS  ATTENUATION  DATA 
FOR  SELECTED  FREQUENCY  BANDS 
(CONTINUED) 


Frequen  cy 

Distance 

No.  0!' 

Range  in  c-xcess 
Attenuatiori  Data, 
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At  any  given  distance,  the  spread  In  ESA  values  general ly 
increases  with  frequency  up  to  about  1000  Hz  with  the  range 
tending  to  decrease  at  higher  frequencies.* 


2 . 6  Noise  Spectra  at  Reference  Positions 

The  average  noise  spectrum  at  the  reference  positions  was 
computed  in  two  ways.  In  one  case,  the  averages  for  each  thirl 
octave  band  plus  the  averages  for  the  A-levels  and  overall  sound 
pressure  levels  were  computed.  These  are  given  in  Table  5  and 
shown  in  Figure  8.  Also  shown  is  the  standard  deviation  for  th*-- 
measurements .  Also  listed  in  Table  5  and  Figure  8  is  the  average- 
normalized  spectrum,  with  all  levels  referenced  to  the  measured 
overall  sound  pressure  level  for  each  run.  This  adjusts  for 
gross  differences  in  source  output  and  results  in  a  lower  stan¬ 
dard  deviation  as  indicated  in  the  lower  portion  of  Figure  8. 

The  root  mean  square  standard  deviation  over  all  the  one-third 
octave  bands  for  all  runs  for  the  measured  spectrum  was  4.0  dr,** 
For  the  one-thiru  octave  band  levels  referenced  to  the  overall, 
the  root  mean  square  standard  deviation  was  2.4  dr. 

As  expected,  measurements  made  over  a  short  time  period 
and/or  with  fewer  positioning  changes  in  aircraft  show  much 
smaller  variation.  For  example,  on  one  day,  some  31  measurement, 
were  taken  over  an  approximately  90-minute  period  with  15  events 
measured  along  array  03  and  1 6  measurements  in  the  opposite 
direction  along  array  04.  The  average  noise  spectra  for  these 


*The  reduced  spread  of  data  at  higher  frequencies  is  partially 
due  to  the  loss  of  ESA  data  at  the  high  frequencies,  as  discuss*-: 
in  Section  2.7. 

**An  average  for  only  the  events  which  used  the  C-135A  aircraft 
an  1  the  average  output  from  two  microphones  shows  a  slight  l.v 
smaller  standard  deviation  of  3.3  dB  averaged  over  the  ?.'■  one- 
third  octave  bands. 
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TABLE  AVERAGE  NuiSE  SPECTRA 
AT  REFERENCE  MIChGPHjNES 


two  sets  if  mean  . ret. e t  .  ar--  .  . 

tern;  measurements  ,  the  star.  »*.  i 

one-third  octave  hands  Is  t,*,»-  .  f  w .  t  .  a: 

.ess  tna'i  the  st.an  care  Cevlat.cn  I  .r  t:.**  w:.  . "  .  e*  ’  s  ■  ■ 
merits .  * 

Part  of  trie  difference  in  spectrum  at  •„:.»•  tw 

e.nce  positions  is  a  :  counted  for  by  tr.e  differer.  In 
from,  the  engine  source.  However,  a:  at  .*  I*  1  in:, 

e:..:es  are  larger  that,  the  ir;verre~.  rear--  a  :  J  i :  t  .  7t 
differences  are  probably  :.*•  t  i  r  •  ■  •. 

between  tn.f  engine  art:  ref  •■r-r:.’--  5.  jsitl  -n  f  :■  » r 
issed  later  i r.  iV  •  1 1  •  n  ;  . 


2.7  Short-Term  Variations  in  ESA  Values 


The  set  of  31  mens urenents  in  an  approximate  3 f-rr.ir.  ; 
od ,  discussed  in  the  previous  subsect  ion,  we  re  examine:  t 
mine  the  variation  in  excess  attenuation  as  a  fun-'tl.n  o  f 
plenty  and  distance. 

Table  6  summarizes  the  meteorological  ana  surface  00 
for  the  measurements.  The  winds  were  generally  light  and 
able  and  the  other  meteorological  conditions  were  reasons 

•The  variations  in  excess  sound  at:  -uniat  I  on  measure  1  ov>  r 
short  Interval  are  discussed  later  In  this  Section. 


IGURE  9.  COMPARISON  OF  REFERENCE  NOISE  SPECTRA  -  REPEAT  MEASUREMENTS 
OVER  90  MINUTE  PERIOD 


stable  with  tne  exception  of  the  tempera  tare  gradient  where  i. 
varied  systematically  with  time,  beginning  with  a  high  positive 
value  and  ending  with  a  small  negative  value. 

Standard  deviations  for  the  ESA  values  were  calculates  fur 
each  one-third  octave  band  as  well  as  the  A-level  and  overall 
level  for  the  measurements  made  over  each  array.  The  average- 
standard  deviation  from  these  two  sets  of  values  was  computed  a:,  i 
averaged  over  several  frequency  ranges.*  Figure  10  shows  the 
variability,  in  terms  of  tne  standard  deviation,  plotted  as  a 
function  of  distance.  The  average  standard  deviation  fur  t:.e  fre¬ 
quency  range  2 5  to  125  Hz  is  shown,  as  is  the  average  for  tne  fre¬ 
quency  range  from  160  to  800  Hz  and  1000  to  2000  Hz,  as  well  uc 
the  average  computed  over  the  wideband  frequency  range  from  25  V; 
2000  Hz.  Also  shown  are  the  standard  deviations  for  tne  A-level 
and  overall  ESA  values. 

The  curve  for  tne  lower  frequencies  (25  to  125  Hz  shows  very 
small  standard  deviations  at  close-in  distances  of  the  order  of 
1 < 2  dB  or  less,  Increasing  to  the  order  of  2  to  3  db  at  distances 
of  2000  to  3000  meters.  Measurements  in  the  frequency  range  free. 
160  to  800  Hz  show  much  larger  standard  deviations  (order  of  2  dr 
at  smaller  distances  increasing  to  the  order  of  6  dB  at  3000 
meters).  The  standard  deviations  for  the  higher  frequency  rang-- 
(1000  to  2000  Hz)  is  similar  to  that  for  the  160  to  800  Hz  range 
up  to  approximately  800  meters  and  shows  a  decrease  In  magnitude 
at  larger  distanceis. 

Standari  deviations  over  the  entire  frequency  range  and  for 
the  A-level  and  overall  level  show  a  general  trend  of  increasing 
magnitude  with  distance  out  to  approximately  1000  meters  with  a 
general  leveling  off  of  standard  deviations  of  the  order  of  3  to  5 
dB  at  1000  meters  and  greater  distances. 

•Standard  deviations  were  calculated  separately  for  each  array  to 
allow  for  the  possible  differences  in  ESA  values  with  array- 
direction. 
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2 . 8  Loss  of  Noise  Data  with  Increasing  Distance  and  Frequency 

At  larger  distances  and  higher  frequencies,  there  is 
increased  likelihood  of  data  being  lost  by  signal  levels  falling 
below  ambient  noise  levels.  This  introduces  a  distinct  bias  in 
the  measured  ESA  values  that  is  difficult  to  compensate  for.  The 
average  of  "measured"  ESA  values  obtained  for  those  physical  fac¬ 
tors  that  tend  to  produce  high  excess  attenuations  will  be  lower 
than  the  "true"  average  values.  The  magnitude  of  this  bias  is 
difficult  to  determine. 

Although  the  bias  cannot  be  compensated  for  in  its  entirety, 
it  is  possible  to  determine  the  conditions  under  which  data  are 
lost  and,  hence,  to  be  aware  of  those  conditions  for  which  the 
measured  data  are  less  representative. 

As  discussed  in  the  next  section,  the  wind  component  and  tem¬ 
perature  gradient  were  the  most  important  meteorological  variables 
affecting  the  measured  ESA.  The  influence  of  these  factors  on  the 
loss  of  ESA  data  can  be  assessed,  in  part,  by  comparing  the  Joint 
distributions  of  these  two  parameters  at  distances  and/or  frequen¬ 
cies  for  which  considerable  ESA  data  have  been  lost. 

As  an  example.  Figure  11  shows  the  envelope  of  the  Joint  dis¬ 
tribution  of  alpha  and  wind  component  values  for  all  data  and  for 
the  data  measured  at  a  frequency  of  4000  Hz  at  a  distance  of  753 
meters  (at  this  frequency  and  distance  there  were  108  data  sets 
compared  with  a  total  of  421  for  all  data).  In  addition  to  the 
envelope.  Inner  heavy  lines  show  the  ranges  In  alpha  and  wind  com¬ 
ponent  values  for  50  percent  of  the  data.  The  most  significant 
loss  of  data  occurs  for  negative  wind  component  values,  particu¬ 
larly  under  conditions  of  negative  wind  component  and  negative 
alpha  values.  With  loss  of  data  the  average  alpha  and  wind  com¬ 
ponent  values  for  which  ESA  values  are  measured  shift  to  more 
positive  values. 
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The  above  trends  are  also  shown  by  the  Information  tabulated 
in  Table  7,  which  shows  the  percent  of  ESA  data  measured  under- 
different  alpha  and  wind  component  conditions.  Here  values  are 
shown  for  all  the  data  and  for  measurements  at  4000  Hz  at  753 
meters  and  for  a  frequency  of  2000  Hz  at  a  distance  of  2377 
meters.  At  higher  frequencies  and  greater  distances,  much  less 
data  is  acquired  for  negative  alpha  values  and  wind  component 
values . 
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3.0 


REGRESSION  ANALYSES 


Multiple  linear  regress  Ion  analyses  were  undertaken  to  deter 
mine  the  extent  of  correlation  between  several  meteorological  and 
ground  surface  conditions  an  1  trie  observed  ESA  values.  After  sot, 
preliminary  analyses,  three  Independent  values  were  assumed:  the 
wi.nl  component ,  alpha  (temperature  gradient),  and  the  ground  sur¬ 
face  condition  (considered  as  either  grass  or  snow-covered). 

The  BY DP  P2h  Stepwise  Linear  Regression  Program  (Reference  7 
was  employe  i  to  determine  the  linear  correlation  between  the  tore 
variables  an.;  the  ESA  value  at  each,  frequency,  as  well  as  the 
overall  am  A-ievei,  at  eacn  distance.  This  process  results  in  a 
Independent  determlnat ion  of  the  correlation  of  these  three  vari¬ 
ables  with  ESA  at  each  frequency  at  each  distance,  and  a  rank, 
ordering  of  trie  variables  with  regard  to  the  degree  of  correlatic 
with  tn»  ESA  value.  The  results  of  these  analyses  are  summarized 
in  Tables  b  and  4.  Tat  le  b  shows,  for  each  frequency  and  each 
distance,  the  va.ue  of  the  variance  accounted  for  ( r^ )  for  the 
first  variable  am  for  ai,  of  tne  three  variables,  tne  or.t.-r  In 
which  the  variables  were  select*.*  i ,  the  standard  deviation  for  the 
ESA  values  and  the  staniard  error  for  the  complete;  regression 
analysis . 

Figures  L 2  —  A  through  i?-I  snow  the  variance  accounted  for 
(r<-J;  as  a  function  of  frequency.  The  symbols  denote  tne  most 
significant  variable.  Figures  1 3  — A  and  1 3-B  show  the  variance 
accounted  for  as  a  function  of  distance  for  six  frequencies  space 
at  octave  lnterva.s  from  63  to  2000  Hz. 

Review  of  Figures  13-A  and  1 3-B  indicates  that,  as  might  he 
anticipate!,  the  r?  values  generally  decrease  with  distance, 
with  the  minor  exception  of  b'i  Hz  values  an  i  with  the  more  sig¬ 
nificant  exception  of  the  260  Hz  values  where  the  r.  value.,  are 
very  low  vof  the  order  of  0.2)  irrespective  of  distance. 
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TABLE  b.  RESULTS  OR  ESA  STEPWISE  HEGRESS 


TABLE  8.  RESULTS  OK  ESA  STEPWISE  REGRESSION  ANALYSIS 

(CONTINUED) 


TABLE  B.  RESULTS  OK  ESA  STEPWISE  HEURESSION  ANALYSIS 

(CONTINUED) 


ABLE  «.  RESULTS  UP  ESA  STEPWISE  REGRESSION  ANALYSIS 

(CONTI  NIJKL) ) 


TABLE  «.  RESULTS  OP  ESA  STEPWISE  REGRESSION  ANALYSIS 

(CONTINUED) 


TABLE  b.  RESULTS  OK  ESA  STEPWISE  REGRESSION  ANALYSIS 
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TABLE  «.  RESULTS  OR  ESA  STEPWISE  REGRESSION  ANALYSIS 

(CONTINUED) 
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TABLE  «.  HKSULTS  OF  ESA  STEPWISE  KEGKESSI ON  ANALYSIS 
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TABLE  9.  MAXIMUM  VALUES  AT  EACH  DISTANCE 
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FIGURE  12  B.  VARIANCC  IN  ESA  ACCOUNTED  TOR  BY  WIND  COMPONENT 
TEMPERATURE  GRADII  NT  AND  GROUND  COVE  R  . 
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A  review  of  Figure  12  will  show  that  the  r^  values  gen¬ 
erally  show  two  distinct  maxima  as  a  function  of  frequency.  The 
maximum  r2  values  for  each  of  these  two  peaks  are  tabulated  in 
Table  9,  together  with  the  frequency  at  which  the  maximum  occurs. 
One  r2  maximum  occurs  at  low  frequencies,  from  a  frequency  of 
160  He  at  the  closest  distance,  shifting  to  lower  frequencies  at 
greater  distances,  to  reach  40  Hz  at  the  greatest  distance.  There 
is  a  secondary  higher  frequency  maximum  where  r2  values  are  less 
than  the  first  maximum.  This  secondary  maximum  occurs  at  1250  Hz 
at  close-in  distances  decreasing  to  630  Hz  at  the  greatest  dis¬ 
tances.  The  most  significant  variable  at  the  low  frequency  pear: 
is  the  ground  cover,  at  least  up  to  a  distance  of  1757  meters. 

For  the  high  frequency  maximum,  the  most  significant  variable  is 
the  wind  component. 

Inspection  of  plots  of  excess  attenuation  versus  wind  com¬ 
ponent  values  at  the  higher  frequencies  suggests  that  the  varia¬ 
tion  of  ESA  with  wind  component  is  not  a  simple  linear  relation¬ 
ship.  Further  inspection  also  indicated  that  the  ESA  values  may 
be  influenced  by  the  array  direction  (see  Figure  1).  This  influ¬ 
ence  of  array  direction  may  be  due  to  tne  difference  in  dista r.c-.-c 
for  the  reference  microphone  positions  (66  m  versus  75  m;  combine  : 
with  the  differences  in  the  ground  surface  between  the  microphone 
and  the  reference  position  for  the  two  arrays.  Thus  multiple 
linear  regression  analyses  Introducing  the  wind,  component  values, 
as  squared  an!  cubed  functions  and  the  array  direction  (odd  v»r s..c 
even)  as  independent  variables  were  undertaken. 

Introducing  the  wind  component  as  squared  and  cubed  varia:  les 
resulted  in  a  modest  increase  in  the  r<-'  values  at  frequencies  of 
approximately  250  Hz  and  higher  where  the  rr-  increases  by  the 
order  of  10  percent. 

The  addition  of  the  array  direction  as  a  variable  general ./ 
resulted  in  modest  to  sizeable  Increases  in  the  variance  account*  i 


lor.  S  i  z ea  t:  1  e  increases  lit  t  n  e  v a  r 1  a n  o  e  a  e  o  » .■  u : .  *  •-  s  *  .■  r  .  *  ■ 

typically  In  the  higher  frequencies ,  most  noticeably  at  500 

Table  10  summarizes  the  results  of  the  analyses  wire 
added  variables  and  shows  tine  r 2  values  at  octave  bans  Inter 
from  31  to  2000  Hz  for  various  distances.  Shown  in  the  tab! 
the  r2  values  for  the  original  set  of  variables,  the  results 
with  the  wind  component  squared  and  cubed  added  as  a  variati 
The  last  two  columns  in  the  table  show  the  percentage  lncrea 
observed  in  the  r‘  values  with  the  two  added  sets  of  varla: i 

Figure  lii  compares  the  r-  values  for  the  500  Hz  one-thi 
octave  band  with  the  wind  component  squared  and  cubed,  and  a 
direction  03  and  0 h  as  independent  variables.  Adding  the  ar 
direction  as  a  variable  was  generally  most  significant  for  t 
500  Hz  band. 


TABLE  10.  COIF  ARISONS  OP  REGRESSION  RESULTS  FOR  DIFFERENT  SETS  OP 

INDEPENDENT'  VARIABLES 
(CONTINUES) 


c 

C-.  J-5 

£  $  $ 


L,  -5 

<D  C  Co 

CL*  «r-H  '  o 


j-  r  ^ 


-  ro  x  on 


!  I  f  J  t  I  I 


jo  f\  ■'o  —  ^ 

-H  O  -O  J~\ 


r 

■1 

o 


Component  and  Ground  Cover 
omponent  Squared  and  Cubed 


ACCOUNTED  FOR  AS  A  FUNCTION  OF  DISTANCE 
OCT AVI  I  KFUDF  NCY  FAN D  EXPANDED  NUMB 
v'ARIAI  !  I  S 


4.0  ESA  VARIATIONS  WITH  GROUND  SURFACE  CONDITIONS,  WIND 

COMPONENT  AND  TEMPERATURE  GRADIENT 

4 . 1  ESA  Variations  with  Ground  Surface  Conditions 

The  ground  surface  conditions  may  be  broadly  categorized  as 
grass  covered  (dry,  wet,  dew  or  frost)  and  snow  covered  (varlabi 
depths).  The  Influence  of  ground  cover  on  ESA  is  generally  most 
apparent  at  the  frequency  range  below  about  1000  Hz  and  differ¬ 
ences  in  ESA  due  to  ground  cover  may  be  most  easily  Identified 
under  near  neutral  temperature  gradients  and  low  wind  component 
conditions . 

This  section  presents  a  comparison  of  tne  ESA  values  for  su 
weather  conditions.  Thus,  for  data  obtained  under  near  neutral 
temperature  gradients  (-0.2  m/s  <  alpha  <  0.2  m/si  and  low  wind 
component  conditions  1.-1. 6  m/s  f  wind  component  <  1.5  m's  ,  the 

data  were  divided  into  groups  --  grass  cover  (a  total  of  9 A  case 

or  snow  cover  ,33  cases).  Average  ESA  values  were  then  calrulaf 
for  the  tw.,  groups,  w :  results  presented  in  Figures  lb  .  -• . 

Figures  15- A  through  15-H  show  the  average  K.SA  val-.es  for 
snow  and  grass  cover  as  a  function  of  frequency  for  eight  dis¬ 
tances  .  Figures  16-A  through  Ib-F  show  the  average  EDA  values'  f 
the  grass  and  snow  cover  as  a  function  of  distance  for  orie-tn  i  r  1 
bands  at  octave  intervals  from  63  Hz  to  2000  Hz  and  for  the 
A-levei.  You  will  note  from  the  figures  that  wit*,  the  snow  cove 
the  maximum  E.iA  values  shift  to  a  lower  frequency  resulting  in 
generally  greater  attenuations  in  the  frequency  range  below  20 
250  Hz.  The  snow  cover  results  in  lower  values  of  excess  at! ecu 

tion  typically  at  the  higher  frequencies,  above  about  250  Hz. 

Figure  16  Indicates  that  the  difference  In  ESA  values  for 
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FIGURE  16  D.  AVERAGE  EXCESS  ATTENUATION  VARIATION  WITH  DISTANCE  FOR  CRASS 

OR  SNOW  COVER  UNDER  LOW  WIND  COMPONENT  AND  NEUTRAL  TEMPER AT  UR I 
GRADIENT  CONDITIONS 
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FIGURE  17  D.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT 
UNDER  NEAR  NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS 
DISTANCE  753  m  (  247  1  ft) 
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FIGURE  17-E.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT 
UNDER  NEAR  NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS 
DISTANCE  1255  m  (4118  ft) 
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FIGURE  17  G.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT 
UNDER  NEAR  NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS 
DISTANCE  2377  m  (  7800  ft) 
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FIGURE  18  C.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT  UNDER  NEAR 
NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS  125  Hz  ONE  THIRD 
OCTAVE  FREQUENCY  BAND 
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FIGURE  18  D.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT  UNDER  NEAR 
NEUTRAL  TEMPERATURE  CRADIENT  CONDITIONS  -  250  Hz  ONE-THIRD 

OCTAVE  FREQUENCY  BAND 
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FIGURE  18  E.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT  UNDER  NEAR 
NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS  S00  Hz  ONE  THIRD 
OCTAVE  FREQUENCY  BAND 
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FIGURE  18  F.  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT  UNDER 
NEUTRAL  TEMPERATURE  GRADIENT  CONDITIONS  1000  Hz  ONE  THIR 
OCTAVE  FREQUENCY  BAND 
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FIGURE  18  H.  VARIATION  IN  EXCESS  ATTLNUAT  ION  WITH  TEMF’ERATURE  GRADIENT  FOR 
LOW  WIND  COMPONENT  CONDITIONS  OVERALL  SOUND  PRESSURE  LEVEL 
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IGURE  18  I  VARIATION  IN  EXCESS  ATTENUATION  WITH  WIND  COMPONENT  UNDER 
NMITRA1  TEMPERATURE  GRADIENT  CONDITIONS  A  LEVEL 
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FIGURE  19  A.  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE 
GRADIENT  FOR  SMALL  WIND  COMPONENT  CONDITIONS  - 
DISTANCE  134  m  (  440  ft) 
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FIGURE  19  B.  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE 
GRADIENT  FOR  SMALL  WIND  COMPONENT  CONDITIONS  - 
DISTANCE  2  38  m  (781  ft) 
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FICURE  19  E,  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE 
GRADIENT  FOR  SMALL  WIND  COMPONENT  CONDITIONS  - 
DISTANCE  1255  m  (4118  ft) 
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FIGURE  19  F.  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE 
GRADIENT  FOR  SMALL  WIND  COMPONENT  CONDITIONS  - 
DISTANCE  1757  m  (  5765  ft) 
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FIGURE  19  C.  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE 
GRADIENT  FOR  SMALL  WIND  COMPONENT  CONDITIONS  - 
DISTANCE  2377  m  (  7800  ft) 


FIGURE  20  A.  VARIATION  IN  EXCESS  ATTENUATION  WITH  TEMPERATURE  GRADIENT  FOR 
LOW  WIND  COMPONENT  CONDITIONS  31.r>HzONE  THIRD  OCTAVE 
FREQUENCY  BAND 
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IGURE  20  D.  VARIATION  IN  EXCESS  ATTl  NUATION  WITH  TEMPERATURE  GRADIENT  FOR 
LOW  WIND  COMPONl  N  F  CONDITIONS  250  Hz  ONE  THIRD  OCTAVE 
FREQUENCY  BAND 
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N  IN  EXCESS  ATT!  NIJATION  WITH  TEMPERATURE  GRADIENT  FOR 
COMPONENT  CONDI  r  IONS  1000  Hz  ONL  THIRD  OCTAVE 
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VARIATION  IN  EXCESS  ATTF  NtJ AT  ION  WITH  TEMPERATURE  GRADIENT  FOR 
LOW  WIND  COMPONENT  CONDITIONS  A  LEVEL 


as  a  function  of  distance.  Curves  are  also  shown  fur  trie  i 

and  A-welghted  sound  levels. 

Review  of  Figures  17  through  20  shows  that  the  sensitivity  of 
ESA  values  to  wind  component  and  alpha  consistency  varies  con¬ 
siderably  with  frequency  and,  to  a  lesser  extent,  with  distance. 
Review  also  indicates  that  the  sensitivity  of  ESA  to  wind  com¬ 
ponent  changes  Is  greater  than  to  alpha  changes.  A  simplified 
comparison  of  the  relative  effect  of  ESA  changes  with  win!  com¬ 
ponent  and  alpha  Is  shown  In  Figures  21  and  22.  Figure  21  shows 
the  range  in  ESA  values  between  the  -A  and  +4  m/s  wind  component 
conditions,  referred  to  the  ESA  for  zero  wind  component.  Ranges 
are  shown  for  three  distances.  Similarly,  Figure  22  shows  the 
range  in  ESA  values  for  the  -0.6  and  +0.5  alpha  values  compared  to 
that  for  near  zero  alpha  conditions.  Comparison  of  the  two 
figures  clearly  indicates  the  greater  range  in  ESA  values  that 
were  observed  for  the  range  of  wind  component  values.  Also  to  be 
noted  Is  the  generally  moderate  effect  of  either  wind  component  or 
temperature  gradient  values  on  ESA  values  at  low  f requencies ,  the 
reduced  Influence  of  both  variables  in  the  range  from  approximate¬ 
ly  125  to  300  Hz  and  the  generally  greatest  effect  of  these  vari¬ 
ables  at  the  higher  frequencies. 

Except  under  conditions  of  high  negative  wind  (strong  upwind 
conditions)  and  strong  negative  temperature  gradients,  all  of  the 
curves  show  a  pronounced  maximum  in  ESA  values  in  the  vicinity  of 
250  Hz.  The  frequency  and  the  magnitude  of  the  maximum  value  is 
relatively  little  affected  by  the  wind  and  temperature  conditions. 
This  might  be  anticipated  since  this  maximum  occurs  at  the  range 
where  small  values  of  r2  were  observed  in  the  regression  analy¬ 
sis.  The  magnitude  of  the  peak  increases  with  distance  from  the 
order  of  13  to  18  dB  at  134  meters  to  the  order  of  20  to  36  dB  at 
larger  distances.  Generally  there  is  little  change  in  the  magni¬ 
tude  of  the  maximum  for  distances  beyond  about  400  meters. 


Change  in  Attenuation  Relative  to  Zero  Wind  Component 


FIGURE  21.  INCREASE  IN  ATTENUATION  FOR  PLUS  AND  MINUS  4  M/SEC  WIND 
COMPONENT  CONDITIONS  REFERRED  TO  ZERO  WIND  COMPONENT 
CONDITIONS  (NEUTRAL  TEMPERATURE  GRADIENT) 
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2.  INCREASE  IN  ATTENUATION  FOR  PLUS  AND  MINUS  Tt  MPf  P  A  Juki 
GRADIENTS  REFERRED  TO  NEUTRAL  TEM PLRATtJRL  CONDITIONS 
(ZERO  WIND  COMPONENT) 


In  the  frequency  range  below  trie  maximum  '.typically  25  to  100 
Hz)  the  attenuation  generally  shows  a  well  orderer1  dependence  on 
the  wind  component  and  temperature  gradient.  For  zero  or  positive- 
wind  component  values,  attenuations  are  very  small  to  moderate  in 
magnitude.  With  negative  wind  component  values,  there  are  gen¬ 
erally  sharply  Increasing  values  of  attenuation.  The  sensitivity 
of  attenuation  with  temperature  gradient  in  this  range  is  rela¬ 
tively  small  but  does  show  a  trend  towards  greater  attenuation 
with  negative  temperature  gradients  at  larger  distances. 

In  the  frequency  range  immediately  above  the  maximum  (typi¬ 
cally  from  300  to  800  Hz;  there  is  a  wide  variation  In  ESA  depend¬ 
ing  on  wind  component  or  temperature  gradient  conditions,  although 
the  magnitude  of  ESA  values  will  be  less  than  observed  at  the  max¬ 
imum.  ESA  values  can  vary  with  wind  conditions  over  the  range 
exceeding  20  dB  in  this  frequency  range.  Maximum  variation  due  to 
temperature  gradients  is  of  lesser  order,  typically  10  to  12  dB. 

In  the  higher  frequency  range  (1000  to  2000  Hz  and  higher/ 
there  is  continued  generally  high  variability  in  ESA  values  with 
wind  component  values.  As  noted  previously,  the  maximum  values 
may  be  close  to  those  occurring  in  the  250  Hz  frequency  range. 
There  is  smaller  variation  of  ESA  values  with  positive  wind  com¬ 
ponent  values  than  with  the  negative  values  (see  Figure  21).  in 
this  frequency  range  there  is  also  considerable  variation  with  the 
temperature  gradient  although  the  variation  is  less  than  observed 
for  the  wind  component  variation.  Absolute  ESA  values  decrease 
generally  as  a  function  of  frequency  except  under  the  high  nega¬ 
tive  wind  component  (shadow  zone)  conditions.  In  this  frequency 
range  the  ESA  values  show  a  consistent  decrease  with  increasing 
frequency  for  all  values  of  temperature  gradients. 
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5.0  COMPARISONS  WITH  OTHER  STUDIES 


5 • 1  Comparison  with  Parkin  and  Scholea  Field  Studies 

Probably  the  measurement  studies  most  directly  comparable 
with  the  present  study  are  those  undertaken  by  Parkin  and  Scholar, 
(References  3,  4  and  5)  beginning  In  1959  and  extending  Into  the 
early  1960’s.  In  these  studies,  a  Jet  engine  was  used  as  the 
noise  source,  with  measurements  taken  out  to  a  distance  of  1097  rn 
(3600  ft)  from  the  source.  Measurements  were  taken  at  two  sites 
(Radlett  and  Hatfield),  along  traverses  over  mostly  near-level 
grassland  parallel  to  airport  runways.  The  source  engine  exhaust 
centerline  was  approximately  six  feet  above  the  ground  and 
measurements  were  taken  at  a  height  of  five  feet  above  the  ground 
with  noise  levels  averaged  over  a  five  to  ten  minute  period  per 
set  of  measurements.  The  noise  was  measured  along  a  line  approxi¬ 
mately  95°  to  the  Jet  axis  assuming  the  sound  source  center  was 
located  six  feet  aft  of  the  plane  of  the  engine  exhaust.  The 
reference  measurement  position  was  located  much  closer  to  the 
source  than  in  the  current  study,  at  a  distance  of  19.5  m  (64  ft.) 

The  noise  data  were  analyzed  and  reported  in  one-third  octave 
frequency  bands.  Wind  direction  and  magnitude  were  measured  and 
excess  attenuation  compared  as  a  function  of  the  wind  component. 
Temperature  gradient  measurements  were  less  complete,  hence  it  is 
not  possible  to  match  ESA  data  closely  for  the  same  temperature 
gradient  conditions. 

Comparisons  with  the  Parkin  and  Scholes  results  are  shown  in 
Figures  23  through  27.  Comparisons  are  given  for  a  distance  of 
195  m  (640  ft)  and  for  the  farthest  distance  measured  by  Parkin 
and  Scholes,  1097  m  (3600  ft). 
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FIGURE  23  B.  COMPARISON  OF  MEASURED  ATTENUATION  AT  DIFFERENT  SITES 
ZERO  WIND  COMPONENT,  NEUTRAL  TEMPERATURE  GRADIENT 
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FIGURE  2  5  B.  COMPARISON  OF  MEASURED  ATTENUATION  AT  DIFFERENT  SlU.S 
POSITIVE  WIND  COMPONENT.  NEUTRAL  TEMPERATURE  GRADIENT 
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FIGURE  26  B.  COMPARISON  OF  MEASURED  ATTENUATION  AT  DIFFERENT  SITES 
NEGATIVE  WIND  COMPONENT,  NEUTRAL  TEMPERATURE  GRADIENT 
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Because  measurement  i  ova ‘.ions  w<*re  nut  tne  sum*-  in  tn»- 
studies,  ESA  values  measured  at  the  two  positions  adjacent  to  the 
specified  Parkin  and  Sehoies  positions  have  been  averaged  ♦  , 
represent  the  levels  fur  the  current  study  at  the  comparable 
Parkin  and  Sehoies  position.  The  averaging  was  done  on  a  log, 
distance  basis. 

One  difference  in  the  reporting  of  data  should  be  noted. 

This  study  reports  averag.es  of  data  within  a  given  range  of 
meteorological  conditions.  The  Parkin  and  Sehoies  excess 
attenuation  values  were  reported  on  the  basis  of  a  smooth  curve 
drawn  through  the  measured  data  plotted  against  wind  component, 
with  values  read  off  at  specified  wind  component  values. 

Another  important  difference  t  ..  be  kept  in  mind  in  comparing 
data  is  the  large  difference  In  choice  of  reference  microphone 
positions.  Because  of  the  close-in  position  chosen  by  Parkin  and 
Sehoies,  their  reported  excess  attenuation  values  are  likely  to 
include  more  of  the  "total"  excess  attenuation  between  source  an u 
more  distant  measuring  pus  1  *  ions . * 

Figure  23  compares  the  ha;  fit-id  arid  hadlett  ESA  values  wit", 
current  measurements  ; labeled  Dayton;  for  two  distances,  199  m 
(390  ft)  and  1079  m  ( 3&0J  !'•  .  Trie  figure  is  for  r.ero  win  1 
component  conditions,  an  i  near  neutral  temperature  gradient  (take 
as  the  winter  measurements  fur  the  Radlett  measurements'.  The 
general  shape  of  the  curves  as  a  function  of  frequency  is  quite 
similar  although  the  Dayton  measurements  present  a  sharper  curve 
with  the  maximum  occurring  at  a  lower  frequency,  more  closely 
matching  the  Hadlett  lata.  ‘•'1  gu re  29  again  shows  the  measurement 

TThe"  measurements  at  close-in  position  probably  were  not  in  the 
"far  field"  of  the  engine  source ,  possibly  introducing  some  error 
in  assuming  inverse  squat**;  ncj  *  In  In  ietermi  nlng  F.DA  valuer.. 
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for  zero  wind  component  conditions  and  a  small  negative  tempera¬ 
ture  gradient  (using  "lapse"  data  for  Hatfield  and  summer  data  for 
Radlett).  The  Dayton  measurements  again  show  a  sharper  maximum 
with  significantly  less  attenuation  above  the  maximum  values.  As 
in  Figure  23,  the  low  frequency  portion  of  the  Radlett  data 
generally  provides  a  closer  fit  to  the  Dayton  data  than  do  the 
Hatfield  results.  Comparison  of  Figures  23  and  2M  shows  that  the 
frequencies  at  which  the  maxlmums  occur  for  the  Dayton  measure¬ 
ments  show  a  somewhat  smaller  shift  with  distance  than  do  the 
Parkin  and  Scholes  data. 

Figures  25  and  26  compare  the  measurements  under  near-neutral 
temperature  conditions  with  plus  and  minus  wind  component  values. 
Figure  25,  for  positive  wind  component  data,  shows  curve  shapes 
that  are  very  similar  with  all  data  showing  a  relatively  sharp 
maximum.  For  the  closer  distance,  the  Dayton  data  show  a  lower 
frequency  for  the  maximum  than  either  the  Radlett  or  Hatfield 
measurements.  For  large  distances,  the  Dayton  data  matches  the 
Hatfield  data  quite  closely. 

Figure  26,  presenting  data  for  negative  wind  component  con¬ 
ditions,  again  shows  curve  shapes  that  are  similar  in  character 
with  relatively  broad  dips  to  the  negative  wind  component.  Again 
the  general  tendency  is  for  the  maximum  of  the  Dayton  data  to 
occur  at  or  below  the  frequencies  for  the  Parkin  and  Scholes 
measurements . 

One  further  comparison  is  given  in  Figure  27.  This  figure 
shows  the  shift  in  attenuation  values  from  a  minus  to  a  plus  wind 
component  situation  for  near-neutral  temperature  conditions.  At 
the  closer  distance  (195  m)  there  is  very  good  agreement  in  data 
among  the  three  sets  of  measurements  with  all  curves  showing  simi¬ 
lar  trends  as  a  function  of  frequency.  At  the  larger  distance 
(1096  m)  the  curves  diverge  in  shape  and  in  magnitude,  with  the 
Dayton  data  showing  a  generally  greater  change  with  wind  component 
at  frequencies  above  about  250  Hz. 
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The  general  trend  of  the  L'-ay  t->n  data  !  a  ,  thus  ,  In  genera; 
agreement  with  the  Parkin  and  Scholes  measurements  with  very  small 
differences.  The  frequency  at  which  maximum  attenuation  occurred 
in  the  Dayton  data  is  usually  lower  than  shown  by  either  the 
Hatfield  or  Radlett  data. 

5 . 2  Comparison  With  1967  Airport  Measurement  Study 

The  NOISEMAP  program  currently  uses  sets  of  frequency-  and 
distance-dependent  curves  for  calculating  excess  attenuation  whirr, 
are  based  on  field  measurements  of  excess  attenuat  1  :«n  made  during 
the  take-off  roll  of  Jet  aircraft  at  two  civil  airports — Lor. 

Angeles  International  arid  Denver  Stapleton  airports  ; Reference  b ) . 
The  1967  measurements  were  made  along  liter,  extending  approximate¬ 
ly  45  degrees  to  the  engine  exhaust  at.  the  start  of  takeoff 
roll),  thus  most  measurements  were  ma.ie  unn-r  .mwr.wln  i  conditions 
(positive  wind  component  value  . 

The  field  mm  i;  '  I  f  i  r  W'-rc  jj.st  1  .Vly 

different  from  .r. .  1  •.  i.  in;  r.‘ 

respects.  A  ,  *.  h . .  u  r  ’ .  ;  ■  .  .  ! ;  :  a  . .  g  .  i ■  .  ,  f  ’ .  e  *  •  -  r ! 1  a  . : . 

variations  were  g'-V-'t1  than  ;  r  •  •i..uo  .  erg  c  .  1:. 

addition,  most  me  ns  ircru;:.'  .:  we*-..  j.  It.  it  ■  ;  e  !  •  immunity  area; 

hence  there  were  mart;,  !  ,'..t. -.v  and  d.st t  tt  i*  t  1 

the  1 1  ne-ol'-s  1  gnt  [.*•»  . . .  t  :.<•  . •■■raf  >r  ilr-rif  r.-f ern-r. 

microphon-  an  i  t  v  mas •  tlsta  ,•  t.ie.ts  id  r..*  1  •  1.  .  i’v-  s  trf 

also  varied  slgnifi  it,*  in  ter..  .  impedan  i.  *  am 

included  sect  lor..,  ,<f  gra.n.  !  an  1 ,  ret  ,  asphal’  an  1  other  sur¬ 

faces.  In  addition,  local  m-t  eoro  1  og  1  ca  1  condi*  1  orir-  were  n  c.  tr 
carefully  measure]  or,  in  the  luyton  program. 

Tlie  curve;-  front  trie  lib/  studies  have  been  use;  In  N.!i  'rvA! 
since  these  carver,  ha  1  been  abtalned  under  "realistic"  field  con¬ 
ditions  whirl,  Incluiel  the  effect.:;  of  Intervening  be  1  1  1 1  ocr 
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between  the  aircraft  source  and  the  receiver,  whlc.n  Is  typical  of 
many  ai rpor t .  communi ty  situations.  The  curves  were  base!  on  an 
average  of  data  for  which  the  wind  speed  was  greater  than  five  m.  s 
'for  these  data,  the  average  wind  component  magnitude  was  approxi¬ 
mately  3.^  m's).  Trie  reference  measurement  position  varied  from 
46  to  l80  meters  from  the  aircraft  and  measurements  were  made  out 
to  a  maximum  distance  of  2,770  meters.  In  the  analysis,  data  were 
grouped  into  three  distance  ranges  having  mean  distances  from  the 
aircraft  source  of  792  m,  1985  m  and  2133  m. 

in  Figure  28,  the  average  excess  attenuations  reported  in  t:  e 
1987  study  for  wina  speeds  greater  than  five  m/s  are  compare:  wit:: 
the  Dayton  data  at  the  nearest  comparable  measurement  distance  for 
conditions  with  average  wind  component  values  of  1.7  and  4.1  no's 
with  near-neutral  temperature  gradients.* 

The  curves  for  the  1967  study  show  much  greater  excess 
attenuation  at  the  lower  frequencies  of  31.5  and  63  He  bands  at 
all  distances.  At  the  closest  distance  (792  m  for  the  1967 
study^,  the  1  Jb':’  curve  snows  comparable  excess  attenuation  at  125 
Hz  and  much  !«ss  attenuation  at  higher  frequencies.  At  the  larger 
distances,  the  1967  curve:;  show  greater  attenuation  at  125  Hz, 
comparable  attenuation  at  750  Hz,  and,  at  the  higher  frequencies 
of  500  and  10  00  Hz,  show  generally  comparable  or  slightly  more 
attenuation  than  the  current  measurements. 

The  1967  measurements  show  maximum  excess  attenuation  in  the 
vicinity  of  125  Hz  compare  1  to  the*  order  of  250  Hz  in  the  current 
measurements.  The  earlier  curves  also  show  a  very  broad  maxima 
compared  to  the  sharper  maxima  observed  in  the  current  measure¬ 
ments  .  Much  of  this  is  due,  of  course,  to  the  fact  that  in  th*» 
1967  study,  measurements  were  analyze!  In  octave  bands  rather  than 

•Most  of  the  .96''  study  data  were  obtain"  1  under  negative  temper  1- 
ture  gradient  conditions. 
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refraction  Index  and  covariance  are  arbitrary.  Other  comb  1  nut  1  )r; 
of  values  could  yield  essentially  the  same  Impact  on  the  calcu¬ 
lated  maximum  attenuation  values.  You  will  note  from  the  figure.- 
that  the  calculated  curves  with  appropriate  choice  of  parameter.; 
now  shows  a  much  better  fit  with  the  experimental  valuer,  at  the 
larger  distances. 

5.3.3  Comparisons  for  Grass  and  Snow  Cover 

Figure  31  compares  the  measured  excess  attenuation  with  gras 
cover  with  model  predictions  at  six  distances  from  134  meters  to 
2377  meters.  Values  of  the  flow  resistance  and  turbulence  param¬ 
eters  have  been  selected  to  provide  a  best  fit;  these  values  are 
indicated  in  the  figure.  The  impedance  values  have  been  selected 
to  provide  a  best  fit  to  the  experimental  values  in  the  frequency 
range  below  the  maximum  excess  attenuation.  The  turbulence  pa  ram 
eters  have  been  selected  to  provide  a  fit  in  the  vicinity  of  the 
maximum  attenuation  and  at  higher  frequencies.  At  the  closer  dis¬ 
tances  (134  to  431  m)  you  will  note  a  relatively  good  fit  between 
experiment  and  calculations  with  little  influence  from  the  a* 
pheric  turbulence  corrections.  At  larger  distances  the  atmos¬ 
pheric  corrections  are  substantial. 

As  indicated  in  Figure  31,  to  provide  a  good  fit  to  the  rr  •. 
the  flow  resistivity  value  must  be  Increased  with  distance,  gen¬ 
erally  increasing  from  the  value  of  100  cgs  rayls  at  the  shorter  * 
distances  out  to  200  cgs  rayls  at  the  largest  distance.  Thus, 
while  a  close  fit  to  field  results  can  be  obtained  at  any  one 
distance,  the  same  parameters  will  not  provide  an  equally  goo  1  f  1 
at  all  other  distances.  The  reasons  for  this  can  only  be  specu¬ 
lated  upon — perhaps  they  are  related  to  the  extremely  small  grac¬ 
ing  angles  involved  and  the  impedance  assumptions  involved  In  i he 
mo  lei;  differences  may  also  be  due  to  the  fact  that  the  ground  wa 
not  perfectly  flat  as  assumed  in  the  theory. 


Excess  Attenuation,  dB 


Figure  32  shows  a  similar  comparison  of  i :  r~  - . 

with  model  calculations  for  the  snow  cover.  For  these  data,  th 
fit  between  model  and  calculations  at  the  shorter  distances  is 
as  good  as  the  grass  cover  situation  and  reflects  the  fact  tha' 
the  experimental  curves  with  the  snow  cover  exhibited  a  narrow* 
frequency  band  of  high  attenuation  values.  You  will  note  that, 
again,  the  turbulent  atmospheric  corrections  at  longer  distance 
are  substantial  and  materially  improve  the  fit  between  the  mo  ie 
and  the  experimental  data.  And,  as  in  the  case  of  the  grass 
cover,  the  assumed  flow  resistance  values  must  be  increased  wit 
distance  to  obtain  a  satisfactory  fit  with  the  data. 

The  flow  resistivity  values  used  In  fitting  the  data,  show 
in  Figures  31  and  32  are  listed  below  in  comparison  with  result 
from  other  studies  (Reference  1 A )  . 

Flow  Resistivity,  cgs  Units 
Current  Other 

Study  Studies 

Crass  Cover  iOd  to  150  to  300 

Snow  Cover  20  to  50  10  to  5u. 


The  flow  resistivity  values  for  the  current  study  overla; 
fit  within  the  ranges  reported  from  other  studies.  For  grass 
cover,  the  current  study  values  range  within  or  below  the  value 
from  other  studies.  The  reasons  for  these  relatively  low  value 
are  not  understood.  However,  it  should  be  noted  that,  the  as  sum 
tlons  as  to  the  excess  attenuation  occurring  between  the  s. 
and  the  reference  microphones  Influences  the  shape  of  the  Curv 
for  the  excess  attenuation  between  reference  position  and  far 
field  positions,  thus  Influencing  the  choice  of  the  flow  resis¬ 
tance  that  provides  the  best  match  between  theory  and  fie,,!  o  . 
vat  1 ons . 
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COMPARISON  OF  MEASURED  EXCESS  ATTENUATION  WITH 
ANALYTIC  MODEL  PROJECTIONS  •  SNOW  SURFACI 


6.0  SUMMARY 


The  excess  attenuation  data  discussed  In  this  report  com 
prises  ^21  sets  of  acoustical  and  metereoiogi  cai  -.lata  acquire 
over  a  16-month  period.  Noise  from  Jet  engines  ir.stul  ie  3  ir. 
C-135  and  C-141  aircraft  were  measured  at  nine  or  ter.  monitor 
distances  ranging  from  6b  to  2377  m  f rotr.  the  source.  Measure 
were  made  in  opposite  directions  along  a  line  over  near-. eve ; 
terrain  which  was  either  grass  or  snow-covered.  dur  review  a 
analyses  indicate: 

1.  As  expected  fro:;  previous  studies,  the  K.'A  data  (analyze 
one-third  octave  frequency  bands  iron.  25  to  10,000  He,  as  wel 
In  terms  of  the  overall  and  A-leveisJ  show  large  variability, 
example,  the  range  of  rlSA  values  over  the  whole  set  of  421  me 
surements  ranges  from  the  order  of  14  db  at  short  distances  a 
low  frequencies  upwards  to  the  range  of  over  52  dr  at  higher 
quencies  and  distances.  The  rang-’  in  which,  60  percent  of  th¬ 
is  concentrated  typically  increases  with  distance  an  1  wit:,  fr 
quency  to  maximum  values  of  me  or.i-r  oi'  . .  to  in  i:: .  Typio  : 
tlie  range  increases  with,  frequency  up  to  about  103C  Hz  wit:,  t 
range  decreasing  slightly  at  higher  f requenc lev. ,  largely  1u-» 
the  loss  of  data  at  the  higher  frequencies.  .Short -term  variat 
in  the  ESA  values  are,  of  course,  much:  smaller.  Analysis  of 
set  of  measurements  taken  over  a  90-minute  period  showed  a  tan 
deviations  which  generally  increased  wit. a  distance  and  with,  f 
quency  leveling  off  to  the  order  of  3  to  5  db  at  lOOo  meter  a 
greater  distance:-.. 

2.  A  noticeable  chara  cteristl  c  of  the  frequency  variat  1  -.<r\  in 

excess  attenuation  data  is  the  maximum  which  typically  occur:; 
the  frequency  range  between  160  to  250  Hz.  This  is  the 
ground  effect,  due  to  the  finite  ground  impedance.  -.  mi 

is  evi  lent  in  all  data  except  under  extreme  -on  l  •  !  on:, 
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b.  Comparisons  with  the  earlier  work  of  Parkin  ami  Sc holes  in 
Jreat  Britain,  which  also  involve:!  meas a rements  of  Jet  engine 
noise  over  level  grassland,  show  consistent  similarity  in  trend 
of  excess  attenuation  Jala.  However,  the  maxima  observe!  for  t. 
current  re.-.  ;  its  occur  at  lower  frequencies  than  found  for  the 


7.0  CONCLUSIONS  AND  RECOMMENDATIONS 


TV-  u  1 '  1  mat  *•  of  the  work  describe  1  in  in  is  rep-rt 

improved  procedures  and  data  for  calculating  the-  "average”  no 
environment.  In  tic*  vicinity  of  airport.-; .  The  cone  1  is,  1  ■  c;r.  an  : 
reeonunendat  ions  g I  ven  below  are  directed  towards  the  Md.'KV.d 
pater  program  which  in  use  I  by  tne  Air  F’orce  and  the  Depart::.- 
Defense  to  develop  airbase  noise  contours.  Conclusions  an  :  r 
mend  at i ons  for  any  changes  In  the  excess  attenuation  mo  n- .  an 
algorithms  incorporated  In  tne  NOIc’EMA?  program  are  discus;.--  : 
separate  .y  1. r .  r.ei  erence  d . 

Contours  generated  by  NflSEMAR  are  usually  inter;  u-d  *  -  : 
the  noise  environment  in  the  vicinity  of  an  airbase  base  :  -„j 
"typical"  or  "average"  conditions  existing  over  a  peri.  ;  ■  f  t 
usually  average  annual  conditions.  To  this  end,  it  is  iesira 
to  use  air  absorpf  i or;  and  excess  attenuation  values  that  un¬ 
representative  of  average  conditions,  it  the  particular  airbus 
Where  it  is  difficult  to  determine  average  conditions,  over  s 
or  where  there  arc  ..urge  seasonal  differences ,  the  intent 
select  conditions  that  are  representat l ve  during  tne  time  of 
that  people  are  likely  to  be  most  sensitive  to  noise  .summer 
rather  than  winter  conditions,  for  example.. 

As  an  example,  trie  air  absorption  values  used  in  calsul-i 
the  noise  level  versus  distance  curves  are  based  upon  spec  1 f 1 
temperature  and  humidity  conditions.  Many  noise  contour’s,  for 
civil  airfields  are  base  i  upon  "standard  day"  condl* Ions  tern, 
ture  59°K  and  relative  humidity  of  10%).  Analysis  has  shown 
the  contours  based  on  these  conditions  are  usually  quite  repr 
sentative  of  conditions  at  many  airfields  (civil  and  military 
except  for  low  temperature  conditions  (Reference  15.' .  How«*v<» 
current  NO I. SEMAP  procedures  call  for  selecting  represent ui i ve 
base  temperature  ani  humidity  values  in  calculating  noise  v 


geographic  and  terrain  features  that  can  be  clearly  identified  an  i 
calculated  from  available  data  or  records. 


Towards  achieving  the  goal  expressed  above,  the  current 
measurements  show  the  following: 

1.  A  sizeable  percentage  of  the  large  variations  in  measured  ESA 
data  can  be  explained  in  terms  of  dependence  on  observed  meteoro¬ 
logical  and  ground  surface  conditions.  However,  a  sizeable  resid¬ 
ual  of  the  variability  cannot  be  correlated  with  measured  factors. 
This  residual  is  due,  in  part,  to  experimental  errors,  but  is  also 
due  to  other  physical  factors  that  are  not  currently  measured  or 
taken  into  account.  It  is  logical  to  expect  that  for  other  sites, 
similarly  large  variations  in  excess  attenuation  would  occur  and 
that  although  much  may  be  explained  by  correlations  with  meteoro¬ 
logical  and  surface  conditions,  there  is  likely  to  be  a  sizeable 
residual  leading  to  variations  in  excess  attenuation  that  are  due 
to  factors  not  yet  adequately  accounted  for. 

2.  There  is  good  agreement  in  the  variation  of  excess  attenuation 
with  wind  component  between  the  current  measurements  and  the 
Parkin  and  Scholes  studies.  This  agreement  indicates  that  the 
current  data  base  provides  a  reasonable  basis  for  estimating 
changes  in  excess  attenuation  with  changes  in  wind  component 
values.  It  is  also  likely,  although  not  confirmed,  that  the  car- 
rent  data  base  provides  a  reasonable  basis  for  estimating  changes 
in  ESA  with  changes  in  temperature  gradients. 

3.  The  good  fit  with  current  theoretical  calculations  (after 
allowing  for  Introduction  of  empirical  constants  for  atmospheric 
turbulence),  observed  even  to  large  distances,  suggests  that 
theory  can  be  used  with  considerable  reliance  in  predicting  excess, 
attenuation  over  near  level  terrain  having  near  uniform  ground 
surface  conditions  where  ground  Impedance  values-  can  be  char  ni¬ 
ter  i  zed  by  a  single  set  of  numbers.  Tills  suggests  that  wher<- 
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1.  It  is  nut  evident ,  at  tnls  time,  If  there  is  adequate  "sta¬ 
tion"  meteorological  information  available  to  determine  meaningful 
averages  for  calculating  the  excess  attenuation  values  for  Indi¬ 
vidual  airbases.  To  this  end,  there  is  a  need  to  review  the  Kin: 
and  quality  of  the  meteorological  information  that  is  available 
from  the  weather  records.  Specifically,  sets  of  meteorological 
summary  data  for  several  airbases  should  be  examined  to  determine 
whether  or  not  it  Is  possible  to  specify  meaningful  average  tem¬ 
perature  gradient  and  wind  component  conditions  for  individual 
bases.  One  potential  drawback,  for  example,  is  the  fact  tnat  Un¬ 
available  meteorological  information  may  not  provide  adequate 
information  for  estimating  low  altitude  temperature  gradient,  con¬ 
ditions  for  different  times  of  day  and  different  seasons. 

2.  Since  the  ESA  values  may  vary  significantly  with  time  of  day 
(being  affected  by  both  wind  and  temperature  gradient  conditions 
which  typically  have  daily  patterns)  it  would  be  well  to  review 
the  basis  to  be  used  for  selecting  the  most  representative  time  of 
day  for  calculating  average  temperature  and  wind  gradient  condi¬ 
tions.  Selection  of  the  time  of  day  Is  Influenced  both  by  tin- 
relative  activity  at  an  airbase  as  a  function  of  time  of  day  ana 
the  changing  sensitivity  of  community  areas  to  aircraft  noise 
(Increased  community  sensitivity  to  noise  in  evening  and  nighttime 
hours,  for  example). 

3.  Additional  ESA  field  measurements,  similar  to  those  aescribeu 
in  this  report  should  be  undertaken,  although  the  scope  of  the 
measurements  may  be  s lgnl f icantly  reduced  over  what  might  once 
have  been  envisioned  because  of  greater  use  of  theory,  utilizing 
empirical  constants,  reduces  the  need  for  field  measurements  over 
surfaces  of  differing  ground  impedance.  Many,  II'  not  most,  air¬ 
port  situations  involve  relatively  irregular  terrain  with  obsta¬ 
cles  (building,  shrubbery,  trees,  etc.)  which  clearly  block 

1 ine-of -s ight  and  which  may  include  sections  of  terrain  having 


widely  different  ground  Impedance .  These  conditions  are  one.: 
which  it  Is  particularly  difficult  to  apply  theoretical  results. 
Thus  it  is  desirable  to  extend  the  ESA  measurements  to  cover 
terrain  of  more  irregular  features  involving  (a)  larger  surface 
irregularities  and  lb;  a  wider  mixture  of  terrain  surfaces.  The 
general  techniques  and  measurements  should  be  similar  to  those 
used  at  Dayton  and  the  measurements  should  be  conducted  over  a 
reasonable  range  of  wind  component  and  temperature  gradient  condi¬ 
tions.  It  Is  expected  that  there  will  be  relatively  large  varia¬ 
tions  in  excess  attenuation  and  meterologi cal  data  such  that  anal¬ 
ysis  probably  should  be  in  terms  of  statistical  analysis  of  a 
relatively  large  number  of  measurements. 

4.  To  extend  the  application  of  theory  in  predicting  field  excess 
attenuation  and  to  better  define  any  empirical  constants  that  may 
be  needed  in  applying  the  theory  to  real-life  situations,  it  is 
recommended  that  a  program  be  undertaken  in  which  individual  sets 
of  ESA  measurements  be  taken  and  compared  with  theory  on  a  set  by 
set  basis.  In  undertaking  these  measurements ,  the  meteorological 
measurements  shuu.  i  be  extended  to  provide  measurements  of 
atmospheric  turbulence  existing  at  the  time  of  measurements  (.see 
Reference  lb,  for  example'.  These  measurements  could  be  con¬ 
ducted,  if  desired,  at  the  Dayton  site  for  selected  meteorological 
conditions.  barge  numbers  of  data  sets  need  not  be  acquired,  and 
the  study  should  emphasize  comparisons  and  reasons  for  differences 
between  theory  and  measurements  on  an  individual  set  basis.  The 
results  from  this  program  should  result  in  a  better  understanding 
of  the  extent  to  which  current  theory  can  be  used  to  predict 
excess  attenuation  at  relatively  large  distances  from  the  source. 
It  also  should  result  in  better  selection  of  empirical  constants 
that  may  be  needed  in  predicting  the  effects  of  atmospheric  turbu¬ 
lence  on  sound  propagation  in  actual  field  situations. 
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FIGURE  A  2  .  EXCESS  ATTENUATION  FOR  SOURCE  AND  RECEIVER  HEIGHTS 
0,27  AND  0,42  m  ABOVE  GROUND,  AT  DISTANCE  OF  7.02  m  , 
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